Toluene diisocyanate (TDI) and methylene diphenyldiisocyanate (MDI) are used in large quantities in the polyurethane foam manufacturing industry. Both substances are mutagenic and at least TDI is carcinogenic to aninals, but the occupational hazard with respect to cancer is not known. Cancer incidence and mortality patterns were therefore investigated in a cohort of 4154 workers from nine Swedish plants manufacturing polyurethane foam, employed for at least one year. Each workplace and job task in the nine plants was categorically assessed for each calendar year by an experienced occupational hygienist, for "no exposure", "low or intermittent exposure", or "apparent exposure" to TDI and MDI. The observed deficit for all cause mortality (standardised mortality ratio (SMR) 0-78, (95% confidence interval (95% CI) 0.66-0.93) became smaller (SMR 0.92) excluding the first 10 years since the start of exposure and was ascribed to a healthy worker effect. No increased risk for death from bronchial obstructive diseases was found. An almost statistically significant deficit occurred for all malignant neoplasms (standardised incidence ratio (SIR) 0-81, 95% CI 0.63-1.02); slight (not significant) increased risks were found for rectal cancer (SIR 1-66) and nonHodgkin's lymphoma (SIR 1.53). The SIR for non-Hodgkin's lymphoma increased to 2-80 (95% CI 0.76-7-16) when the first 10 years since first exposure were excluded from the observation period. The corresponding figure for rectal cancer was 1-92 (95% CI 0.52-4.92).
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Further restricting the analysis to those who had experienced an apparent exposure to TDI or MDI increased the SIR for both rectal cancer (3.19 , 95% CI 0.66-9.33), and non- 537 Hodgkin's lymphoma (3 03, 95% CI 0.37-10.9). These estimates were based, however, on few incident cases. As the cohort is still young and little time has elapsed since the start of exposure, future follow ups will enable a more conclusive evaluation.
(British Journal of Industrial Medicine 1993;50:537-543)
During the past decades the industrial use of isocyanates has rapidly increased in the industrialised parts of the world. The annual world production of aromatic isocyanates as toluene diisocyanate (TDI) and methylene diphenyldiisocyanate (MDI) is currently approaching one million tonnes each. ' The main use of these compounds is in the polyurethane foam manufacturing industry.
Commercial grades of TDI and MDI are mutagenic in bacterial test systems after metabolic activation.2 3 Oral administration of commercial grade TDI caused increased incidence of tumours among male (fibrosarcomas, pancreatic acinar cell adenomas) and female (pancreatic acinar cell adenomas, neoplastic nodules of the liver, and mammary gland fibroadenomas) rats and female mice (haemangiosarcomas and hepatocellular adenomas).4 Inhalation of up to 1 mg/m3 commercial grade TDI did not, however, cause tumours in rats or mice. 5 The exposures used in that study have been criticised because they did not reach a maximum tolerated dose. 4 Commercial grade TDI has been classified as carcinogenic in animals36 and a potential occupational carcinogen.7 To our knowledge, no data have been published on the testing of MDI for carcinogenicity.
Isomers of TDI and MDI are converted to the corresponding isomers of aromatic amines on contact with water and 2,4-TDA (2,4 toluenediamine) and 2,6-TDA have been detected in urine and plasma from subjects experimentally exposed to TDI8 as well as from employees in the polyurethane foam industry. 4,4-MDA has been detected in blood and urine from welders exposed to pyrolysed MDI based polyurethane (unpublished results). The carcinogenic and mutagenic effect of inhaled or dermally absorbed isocyanates may be due to endogenous formation of these aromatic amines.
Hagmiar, Welinder, Mikoczy Both 2,4-TDA and 4,4-methylenedianiline (4,4-MDA) are established animal carcinogens. 6 Despite the positive cancer studies in animals, no epidemiological study on cancer risks for humans occupationally exposed to isocyanates has been published. The aim of our present study was to investigate the risk of cancer among employees in the Swedish polyurethane foam manufacturing industry who were exposed to commercial grades of TDI and MDI.
The main health concern with occupational exposure to isocyanates has been their asthma inducing and sensitising properties,9 and a loss of pulmonary function related to long term low level exposure to TDI has been shown.'0 Whether these biological effects of occupational exposure to TDI may also cause an excess of deaths in obstructive lung diseases is not known, however. The design of our study made such an evaluation possible. The block foaming comprised foaming and expanding of low density materials (< 50 kg/m3) for sale and for further manufacturing within the plants. At present the blocks are stored in a separate room for at least three days before further handling. Thus, the exposure for most workers now is low except for those directly involved in the foaming process. Earlier the blocks were stored within the production premises and manufactured after 24 hours.
Dead cast moulding and further handling of the Cause-specific standardised mortality and incidence ratios (SMRs and SIRs) and 95% confidence intervals (95% CIs) were calculated according to the Poisson distribution, or to the /2 distribution if the expected values were greater than 10.
The person-years under observation after the point in time when a subject had been apparently exposed to TDI or MDI for a year were used for calculating the SIRs for this exposure category. The same principle was used for low or intermittent exposure, with the exception that if a subject had previously been apparently exposed for at least a year, the person-years were assigned to that exposure category instead. Moreover, if an apparent exposure period followed a low or intermittent exposure period, person-years under observation were only assigned to the second category until one year after the start of the apparent exposure period. The remaining person-years were assigned to the non-exposure category. As only few person-years were assigned to the low or intermittent exposure category (3620 v 19 766 for the apparent exposure category), it was excluded from further analysis.
Significance was indicated when the 95% CI for an SMR or SIR did not include a value of 1. All tests used were two tailed. Table 5 presents the cause specific mortality. A statistically significant deficit for all cause mortality was evident (130 deaths observed v 165-9 expected, SMR 0-78, 95% CI 0-66-0 93). Both cardiovascular diseases (SMR = 0 82) and malignant tumours (SMR-077) contributed to this deficit. Only two deaths from bronchial obstructive diseases were found as compared with 3 3 expected. For deaths in accidents, 'poisonings and violence there was, however, a slight, but not significant, excess (SMR = 1-12, 95% CI 0-75-1-63). The relative risks for mortality were lowest for the first 10 years since first exposure, and somewhat higher when more time had passed. Table 6 presents the site specific incidence of cancer. There was an almost statistically significant deficit for all malignant neoplasms (72 observed v 89 4 expected, SIR 0-81, 95% CI 0-63-1-02). Slight, and not significant, excesses were found for rectal cancer (SIR 1-66), and non-Hodgkin's lymphoma (SIR 1-53).
Results

MORTALITY
INCIDENCE OF CANCER
The SIR for rectal cancer was 1-30 during the first 10 years since the start of exposure but 1 92 during the further observation period (table 7) . This discrepancy was even more obvious for lymphomas and myelomas. All six incident cases were diagnosed 11 to 21 years after the start of exposure. The SIR for non-Hodgkin's lymphoma, when the first 10 years since first exposure were excluded from the observation period, was 2-80. By contrast, years from first exposure did not affect the incidence of all malignant neoplasms or incidence of lung cancer.
When the observation periods were separated with regard to exposure to TDI or MDI during the preceding job period, this hardly affected the SIRs group.bmj.com on July 7, 2017 -Published by http://oem.bmj.com/ Downloaded from Hodgkin's lymphoma (3-03, 95% CI 0-37-10-9).
These estimates were., however, based on few incident cases (three and two, respectively).
Discussion
The main result of the study was the non-signifi- A deficit for all cause mortality was seen in the cohort. The mortality was lowest during the first 1 0 years since the start of exposure, and the deficit became smaller with longer follow up periods. This is in accordance with previous observations" 1 2 and is ascribed to a healthy worker effect-that is, healthy people are more likely to gain employment."
No excess risk for death from bronchial obstructive diseases was found (two deaths v 3-3 expected), but due to the low expected number, the confidence interval was extremely wide. It has been questioned whether the general population, which we have used, is a suitable reference group for this diagnosis. Jarvholm et al have shown that the SIR for non-malignant respiratory diseases is 25% lower for gainfully employed men as compared to the general Swedish population.'13 Table 7 Cancer incidence 1959-87 for selected sites in 4154 subjects employedfor at least one year by timte since first exposure TDI had been used in all plants and MDI in all but one (table 1) . This made it impossible to separately evaluate the effects of exposure to these substances. It is reasonable to assume that the average airborne concentrations of TDI would be higher than for MDI, due to their difference in vapour pressure. This suggestion is supported by available measurements of isocyanates in air (table 1) . It should, however, be noted that airborne exposure to MDI has not always been negligible (at least three times the present Swedish threshold limit value has been monitored). In many work tasks there has also been dermal contact with isocyanates, or with uncured polyurethane. Also there are reports of many accidental exposures to isocyanates due to spills and leakages. It is difficult to estimate the dermal uptake of TDI and MDI. There is, however, reason to believe that the concentrations in air correlate well with the degree of dermal contact. The dermal uptake may have been of greater importance for MDI than for TDI due to the mentioned differences in vapour pressure.
The exposure levels for TDI and MDI have varied considerably both between different workplaces in the plants and within them. The information derived from the company records on the work place and job tasks for the subject in the cohort has not always been specific. This has probably caused misclassification of exposure. The quality of these exposure data have not been affected by the health outcome for the subjects in the cohort. Thus the misclassification of exposure has been non-differential, and has not affected the validity of the study. On the other hand, non-differential exposure misclassification will of course decrease the precision and thereby the possibility of detecting a low or moderate true risk excess.
As a means of minimising misclassification of exposure, a case-referent study within the cohort will be performed, allowing a more detailed and precise exposure assessment.
The manufacture of polyurethane foam has caused exposure not only to isocyanates but also to other chemicals. Regrettably these other chemicals have only been monitored rarely. The accelerator MOCA, which may be absorbed dermally as well as by inhalation, is carcinogenic in animals.'4 The use of MOCA has, however, only been reported from one of the plants (G).
It is well known that secondary amines may be nitrosated to carcinogenic N-nitrosamines, endogenously'5 as well as in the work environment. ' It must be considered that the cohort is still young and little time has elapsed since the start of exposure, shown by the fact that only 4-5% of the cohort had died during the observation period. The possibility for a full evaluation of the long term health effects of exposure was thus limited. Future follow up will be more fruitful, but it will still take some time before a low or moderate excess risk will be conclusively evaluated. A further five year follow up of the cohort will, with 80% statistical power and p < 0-05, enable the evaluation of a relative risk of > 2-5 for rectal cancer and >2-8 for nonHodgkin's lymphoma. The 
